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(57) ABSTRACT

A conductive layer contact structure 1s provided, in which a
contact hole of a diameter smaller than the resolution of
photolithography technique 1s formed 1n a stabilized manner
by an etching with low aspect ratio, the contact resistance
regarding a conductive layer formed through this contact
hole 1s low, and the step coverage of the conductive layer 1s
satisfactory such that it 1s not electrically short-circuited
with other conductive layers. A silicon oxide film and a
silicon nitride film are formed on a gate electrode as first
insulation layers. A silicon oxide film 1s formed as a second
insulation layer having a high etching selectivity with
respect to the silicon nitride film provided as an upper
insulation layer of the first insulation layer. Reaching a
surface of an n™ diffused layer formed at a surface of a
silicon substrate as a conductive region, a contact hole 1s
formed. A sidewall spacer 1s formed at the mnner sidewall of
the silicon oxide film defining a hole. Due to this sidewall
spacer, the contact hole having a diameter smaller than the
resolution of photolithography technique i1s defined by the
inner sidewall of the silicon oxide film and silicon nitride

film.

13 Claims, 14 Drawing Sheets
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SEMICONDUCTOR DEVICE WITH
CONDUCTIVE CONTACT LAYER
STRUCTURE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mnvention relates to a semiconductor device
and a method of manufacturing the same, and particularly to
a conductive layer contact structure for a conductive region
formed at the surface of a semiconductor substrate between
the conductive layers formed on the semiconductor substrate
and a method of manufacturing the same.

2. Description of the Background Art

Recently, as can be seen from the fact that DRAMSs
(Dynamic Random Access Memories) and the like are
becoming integrated to a higher degree, degree of integra-
tion of semiconductor devices 1s being made higher, and thus
dimension of the diameters of the contact holes 1s becoming
more and more reduced as a result of increase in degree of
integration of the elements mcorporated into the semicon-
ductor devices. In order to form a smaller contact hole,
polycrystalline silicon mask opening method and self align
contact (SAC) opening method are being considered.

FIG. 26 1s a partial cross sectional view of a semicon-
ductor device, showing a contact hole formed by polycrys-
talline silicon mask opening method at a memory device
region of a semiconductor device. Referring to FIG. 26, an
1solation oxide film 2 1s formed at the surface of a p type
polycrystalline silicon substrate 1 by the method of LOCOS
(Local Oxidation of Silicon). On the surfaces of p type
silicon substrate 1 and 1solation oxide film 2, gate oxade
films 3 are formed. A gate electrode 4 1s formed on this gate
oxide film 3. An msulation film 35 1s formed on gate electrode
4. On the surface of p type silicon substrate 1 at both sides
of gate electrode 4, n~ diffused regions 6 containing an n
type 1mpurity of low concentration are formed by the
method of LDD (Lightly Doped Drain). At the side surfaces
of gate oxide film 3, gate electrode 4 and 1nsulation film 3§,
sidewall spacers 7 are formed as insulation films. In
addition, an n™ diffused layer 8 containing n type impurity of
high concentration 1s formed at the surface of p type silicon
substrate 1 so as to join n~ diffused regions 6. Covering gate
clectrode 4, an interlayer insulation film 11 of silicon oxade
f1lm 18 formed on the surface of p type silicon substrate 1,
employing TEOS (Tetraecthyl Orthosilicate) as the material.
In this mterlayer insulation film 11, a contact hole 105 of a
small diameter 1s formed by etching interlayer insulation
film 11 to reach a portion of the surface of n™ diffused layer

8.

Description will be made for a method of forming the
contact hole shown in FIG. 26, with reference to FIGS. 27A
to 27B and 27B to 30B.

FIGS. 27A to 30A are partial cross sectional views
illustrating the process of forming the contact hole shown 1n
FIG. 26 at the memory device region 1n the order of the steps
performed. FIGS. 27B to 30B are partial cross sectional
views 1llustrating the process of forming the contact hole
shown 1n FIG. 26 at the peripheral circuit region 1n the order
of the steps performed.

Referring to FIGS. 27A and FIG. 27B, 1solating oxide film
2, cgate oxide film 3, gate electrode 4, msulation film 5, n~
diffused layer 6, sidewall spacer 7, n™ diffused layer 8 and
mterlayer msulation film 11 having a thickness of 3000 to
4000 A are formed on p type silicon substrate 1. Thereatter,
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2

a polycrystalhne silicon film 101 having a thickness of 1500
to 3000 A is deposited on the entire surface of the interlayer
insulation film, and a silicon oxide film 102 employing
TEOS as its material (hereinafter referred to as “TEOS oxide
film™) is further deposited thereon. On this TEOS oxide film
102, a resist (not shown) is formed, and using the patterned
resist as a mask, TEOS oxide film 102 is partially etched.
Thus, a hole 1034 having a diameter of about 0.3 um 1is
formed to reach the surface of polycrystalline silicon film
101. Then, on the entire surface of TEOS oxide film 102, a
TEOS oxide film 1s deposited again. By etching back the
entire surface of this TEOS oxide film with anisotropical
ctching, a sidewall spacer 103 of TEOS oxide film 1s formed
at the inner sidewall of hole 1034 which had been formed at
TEOS oxide film 102.

Thereafter, as shown 1 FIGS. 28A and 28B, polycrystal-
line silicon film 101 1s etched using TEOS oxade film 102
and sidewall spacer 103 as a mask so as to form a hole 104
having a diameter of 0.08 to 0.12 um. Then, TEOS oxide

f1ilm 102 and sidewall spacer 103 are etched away.

Then, referring to FIGS. 29A and 29B, polycrystalline

silicon film 101 1s used as a mask to etch interlayer 1nsula-
tion layer 11 thereby forming a contact hole 105 with a small
diameter. Thereafter, as shown 1n FIGS. 30A and 30B,
polycrystalline silicon film 101 1s removed by having its

surface entirely subjected to etching. Thus, the contact hole
shown 1 FIG. 26 1s formed.

When forming a contact hole with polycrystalline silicon
mask opening method as described above, there has been the
following problems. First of all, when a contact hole of a
small diameter having a high aspect ratio, for example, not
lower than 4, 1s formed at interlayer insulation layer 11, the
ctching rate would be extremely low, and thus 1t was very
difficult to open a contact hole by an accurate etching. In
addition, since 1t 1s difficult to bury the material of the
conductive layer inside the contact hole after the contact
hole 1s formed, 1t was difficult to form a conductive layer
along the inner sidewall of the contact hole such that a
satisfactory step coverage 1s obtained. Accordingly, there
has been problems such as disconnection of conductive layer
106 and increase 1n contact resistance between conductive

layer 106 and n™ diffused layer 8, as shown 1n FIG. 31.

Moreover, 1n the case of forming a contact hole with
polycrystalline silicon mask opening method, when etching
back the enftire surface of polycrystalline silicon film 101,
there has been a problem that etching 1s performed at the
peripheral circuit region until the surface of gate electrode 4
1s exposed, as shown 1n FIG. 30B. This 1s because the
thickness of interlayer insulation layer 11 covering the
surface of gate electrode 4 1s thin due to the wide iterval
between the gate electrodes.

FIG. 32 1s a partial cross sectional view showing a
semiconductor device having a contact hole formed by selt
align contact opening method. Referring to FIG. 32, a gate
oxide film 3 1s formed on the surface of a p type silicon
substrate 1. A gate electrode 4 1s formed on gate oxide film
3. An msulation film 5 1s formed on gate electrode 4. N~
diffused regions 6 are formed at the surface of p type silicon
substrate 1 at both sides of gate electrode 4 by the method
of LDD. Sidewall spacer 7 1s formed at the side surface of
cgate oxide film 3, gate electrode 4 and insulation film 5. N7
diffused regions 8 are formed at the surface of p type silicon
substrate 1 so as to join n~ diffused layers 6. Silicon oxide
f1lm 9 1s formed on the surface of p type silicon substrate 1
covering 1nsulation film 5 and sidewall spacer 7. A silicon
nitride film 10 1s formed on silicon oxide film 9.
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Moreover, an mterlayer insulation layer 11 of TEOS oxide
f1lm 1s formed on silicon nitride film 10. Contact hole 110 1s
formed to penetrate silicon oxide film 9, silicon nitride film
10 and mterlayer insulation layer 11 to reach a portion of the
surface of n™ diffused layer 8. A polycrystalline silicon layer
17 and a tungsten silicide layer 18 are formed as a conduc-
tive layer for being in electrical connection with n™ diffused
layer 8 via contact hole 110. This conductive layer has
two-layered structure including polycrystalline silicon 17
and tungsten silicide 18 to reduce interconnection resistance.

Referring next to FIGS. 33 to 36, description 1s made for
a method of forming the contact hole of FIG. 32. FIGS. 33

to 36 are partial cross sectional views 1llustrating the process
of forming the contact hole of FIG. 32 in the order of the
steps performed.

Referring to FIG. 33, gate oxide film 3, gate electrode 4,
insulation film 5, sidewall spacer 7, n~ diffused layer 6, n™
diffused layer 8, silicon oxide film 9, silicon nitride film 10
and 1nterlayer insulation film 11 are formed on p type silicon
substrate 1. Thereafter, a resist film 107 1s formed on

interlayer isulation film 11, and a hole 108 1s opened at
resist film 107.

Then, as shown 1n FIG. 34, interlayer insulation film 11 1s
subjected to etching using resist film 107 (FIG. 33) as a
mask, thereby forming a hole 109. Resist film 107 1s then

removed.

Thereafter, as shown 1n FIG. 35, by etching silicon nitride
f1lm 10 and silicon oxide film 9 successively, a contact hole
110 1s opened.

Then, as shown 1n FIG. 36, polycrystalline silicon layer
17 and tungsten silicide layer 18 are formed as conductive
layers so as to be electrically connected to n™ diffused layer
8 via contact hole 110. Thus, the contact hole 1s formed with
self align contact opening method, and the conductive layer
contact structure 1s formed.

When the contact hole 1s formed by self align contact
opening method as describe above, the diameter of contact
hole 110 would be about 0.30 um and the distance between
the gate electrodes 4 would be 0.32 to 0.36 um, such that
there would be a higher possibility that locations of contact
hole 110 and gate electrode below may be overlapped. If the
locations of contact hole 110 and gate electrode 4 1is
overlapped, a contact hole would be formed as shown in
FIG. 37, and a conductive layer contact structure as shown
i FIG. 38 would be formed. In such a case, when silicon
oxide film 9 1s over etched due to uniformity of the etching
inside the surface upon opening contact hole 110, insulation
film 5 and sidewall spacer 7 are subjected to etching, as
shown 1n FIG. 39. As a result, there has been a problem that
polycrystalline silicon layer 17 forming the conductive layer
and gate electrode 4 1s brought into contact and are electri-
cally short-circuited. In addition, since 1n self align contact
opening method a resist patterned by photolithography tech-
nique 1s used as a mask to etch interlayer mnsulation layer 11
as shown 1n FIGS. 33 to 35, it was 1mpossible to form a
contact hole having a diameter smaller than the resolution of
the photolithography technique.

SUMMARY OF THE INVENTION

One object of the present invention 1s to form a contact
hole having a diameter smaller than the resolution of the
photolithography technique.

In addition, another object of the present mvention 1s to
form a contact hole with a desired size 1n a stabilized manner
by etching mvolving a low aspect ratio.

Furthermore, another object of the present invention 1s to
form a contact hole 1n which a conductive layer connected
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4

to a conductive region of a semiconductor substrate via the
contact hole will not be electrically short-circuited to a
conductive layer below.

A further object of the present invention 1s to form a
conductive layer contact structure having a low contact
resistance.

A still further object of the present mnvention 1s to form a
conductive layer contact structure 1n which the step cover-
age ol the conductive layer 1s satisfactory at the inner
sidewall of a contact hole.

In addition, a further object of the present invention 1s to
improve the alignment margin upon forming a contact hole.

A semiconductor device having a conductive layer contact
structure according to one aspect of the present invention
includes a first conductive layer, a conductive region, a first
insulation layer, a second insulation layer, a sidewall 1nsu-
lation layer and a second conductive layer. The first con-
ductive layer 1s formed on a main surface of a semiconductor
substrate. The conductive region 1s formed at the main
surface of the semiconductor substrate between the first
conductive layers. The first mnsulation layer has a first hole
reaching the surface of the conductive region, and 1s formed
on the first conductive layer. The second insulation layer has
a second hole in communication with the first hole, 1s
formed on the first mnsulation layer and has a high etching
selectivity with respect to the first insulation layer. The
sidewall msulation film 1s formed at the 1inner sidewall of the
second 1nsulation layer defining the second hole. The second
conductive layer 1s formed within the first and second holes
such that 1t 1s 1n electrical connection with the conductive
region and 1s electrically msulated from the first conductive
layer.

Preferably, the sidewall 1nsulation film has a high etching
selectivity with respect to the first msulation layer.

In addition, in accordance with a preferred embodiment of
the present invention, the {first insulation layer includes
upper and lower 1nsulation layers, and the second 1nsulation
layer has a high etching selectivity with respect to the upper
insulation layer of the first insulation layer. Here, 1t 1is
preferred that the sidewall insulation film has a high etching
selectivity with respect to the upper insulation layer of the
first insulation layer. In addition, the first hole 1s defined by
the mner sidewall of the lower 1nsulation layer of the first
insulation layer while the second hole 1s defined by the 1nner
sidewall of the upper insulation layer of the first insulation
layer and the mner sidewall of the second isulation layer.
The sidewall msulation film 1s formed at the 1nner sidewall
of the upper msulation layer of the first insulation layer and
the inner sidewall of the second nsulation layer. The second
hole includes a third hole defined by the inner sidewall of the
upper 1nsulation layer of the first insulation layer and a
fourth hole smaller than the third hole defined by the 1nner
sidewall of the second 1nsulation layer.

The semiconductor device having a conductive layer
contact structure according to another aspect of the present
invention includes a first conductive layer, a conductive
region, a first insulation layer, a second 1nsulation layer and
a second conductive layer. The first conductive layer 1s
formed on a main surface of a semiconductor substrate. The
conductive region 1s formed at the main surface of the
semiconductor substrate between the first conductive layers.
The first insulation layer has a first hole reaching the surface
of the conductive region, and 1s formed on the first conduc-
tive layer. The second insulation layer has a second hole
larger than the first hole which 1s in communication with the
first hole, 1s formed on the first insulation layer, and has a
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high etching selectivity with respect to the first insulation
layer. The second conductive layer 1s formed within the first
and second holes so as to be electrically connected to the
conductive region and to be electrically insulated from the
first conductive layer.

In accordance with the above-described preferred
embodiment of the invention, the first insulation layer
includes upper and lower insulation layers, and the second
insulation layer has a high etching selectivity with respect to
the upper insulation layer of the first mnsulation layer. Here,
an additional sidewall 1nsulation film may also be formed at
the mner sidewall of the second msulation layer defining the
second hole. It 1s preferred that this sidewall insulation film
has a high etching selectivity with respect to the upper
insulation layer of the first insulation layer.

In addition, 1n accordance with another preferred embodi-
ment of the present invention, a sidewall 1nsulation film 1s
additionally formed at the inner sidewall of the second
insulation layer defining the second hole, and this sidewall
insulation film has a high etching selectivity with respect to
the first mnsulation layer.

In addition, the conductive layer contact structure accord-
ing to the present invention 1s also applicable to the case 1n
which the second hole exists at a location overlapping a
portion of the first conductive layer.

A method of manufacturing a semiconductor device hav-
ing a conductive layer contact structure according to another
aspect of the present invention includes the following steps:

(a) forming a first conductive layer on a main surface of
a semiconductor substrate;

(b) forming a conductive region at the main surface of the
semiconductor substrate between the first conductive
layers;

(c) forming a first insulation layer on the main surface of
the semiconductor substrate and on the first conductive
layer;

(d) forming the second insulation layer having a high
ctching selectivity with respect to the first insulation
layer on the first msulation layer;

(¢) forming a first hole reaching the surface of the first
insulation layer 1n the second nsulation layer by selec-
tively removing the second insulation layer;

(f) forming a third insulation layer on the second insula-
tion layer and within the first hole;

(g) forming a sidewall insulation film at the inner sidewall
of the second 1nsulation layer defining the first hole by

selectively removing the third insulation layer;

(h) forming a second hole reaching the surface the con-
ductive region in the first insulation layer by selectively
removing the first isulation layer using the sidewall
msulation film as a mask; and

(1) forming a second conductive layer within the first and
second holes such that 1t 1s electrically connected to the
conductive,region and 1s electrically insulated from the
first conductive layer.

According to a preferred embodiment of a manufacturing
method of the above-described semiconductor device, the
step of forming the first 1nsulation layer includes forming a
first 1nsulation layer including upper and lower insulation
layers on the main surface of the semiconductor substrate
and on the first msulation layer. The step of forming the
second 1nsulation layer includes forming on the first insu-
lation layer a second 1nsulation layer having a high etching
selectivity with respect to the upper insulation layer of the
first insulation layer. Furthermore, the step of forming the
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second hole 1n the first msulation layer includes forming a
hole 1n the upper msulation layer of the first insulation layer
to reach the surface of the lower msulation layer of the first
insulation layer by selectively removing the upper insulation
layer of the first insulation layer using the sidewall 1nsula-
tion film as a mask, and forming a hole 1n the lower
insulation layer of the first msulation layer to reach the
surface of the conductive region by selectively removing the
lower msulation layer of the first insulation layer using the
upper msulation layer of the first insulation layer as a mask.

In addition, according to the above-described preferred
embodiment of the manufacturing method of the semicon-
ductor device 1 accordance with the 1invention, the step of
forming the first msulation layer includes forming a first
insulation layer including upper and lower insulation layers
on the main surface of the semiconductor substrate and on
the first conductive layer. Moreover, the step of forming the
second 1nsulation layer includes forming a second 1nsulation
layer having a high etching selectivity with respect to the
upper 1nsulation layer of the first insulation layer on the first
insulation layer. Furthermore, the manufacturing method of
the semiconductor device according to this preferred
embodiment includes the step of forming a third hole in the
upper 1nsulation layer of the first insulation layer to reach the
surface of the lower msulation layer of the first mnsulation
layer by selectively removing the upper insulation layer of
the first msulation layer after forming the first hole i1n the
seccond insulation layer. The step of forming the third
insulation layer includes forming a third insulation layer on
the second 1nsulation layer and within the first and third
holes. The step of forming the sidewall insulation film
includes forming a sidewall insulation film at the inner
sidewall of the second 1nsulation layer defining the first hole
and the mner sidewall of the upper insulation layer of the
first 1nsulation layer defining the third hole by selectively
removing the third insulation layer. The step of forming the
second hole 1n the first insulation layer includes forming the
second hole reaching the surface of the conductive region in
the lower insulation layer of the first insulation layer by
selectively removing the lower insulation layer of the first
insulation layer using the sidewall insulation film as a mask.
The step of forming the second conductive layer includes
forming a second conductive layer inside the first, second
and third holes.

The manufacturing method of the semiconductor device
according to the above-described invention 1s also appli-
cable to the case 1n which the first hole exists at a location
overlapping a portion of the first conductive layer.

A method of manufacturing a semiconductor device hav-
ing a conductive contact structure according to another
aspect of the present mnvention includes the following steps:

(1) forming a first conductive layer on a main surface of
a semiconductor substrate;

(1) forming a conductive region at the main surface of the
semiconductor substrate between the first conductive
layers;

(i11) forming a first insulation layer including upper and
lower 1nsulation layers on the main surface of the
semiconductor substrate and on the first conductive
layer;

(iv) forming a second insulation layer having a high
etching selectivity with respect to the upper insulation
layer of the first insulation layer on the first insulation
layer;

(v) forming a first hole reaching the surface of the first
insulation layer 1n the second nsulation layer by selec-
tively removing the second insulation layer;
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(vi) forming a third insulation layer having a high etching
selectivity with respect to the upper msulation layer of
the first msulation layer and having an etching rate
different from that of the second 1nsulation layer on the
second 1nsulation layer and within the first hole;

(vil) forming a sidewall insulation film at the inner
sidewall of the second 1nsulation layer defining the first
hole by selectively removing the third msulation layer;

(viil) forming a second hole reaching the surface of the
lower 1nsulation layer of the first insulation layer by
selectively removing the upper insulation layer of the
first 1nsulation layer using the sidewall insulation film
as a mask;

(ix) removing the sidewall insulation film;

(x) forming a third hole in the lower insulation layer of the
first 1nsulation layer to reach the surface of the con-
ductive region by selectively removing the lower insu-
lation layer of the first insulation layer using the upper
insulation layer of the first insulation layer as a mask;
and

(xi) forming a second conductive layer within the first,
second and third holes such that it 1s electrically
connected to the conductive region and 1s electrically
insulated from the first conductive layer.

Since a method of forming a contact hole based on self
align contact opening method 1s adopted 1n the conductive
layer contact structure of the present invention formed 1in
this way, a conductive layer contact structure having a low
contact resistance can be obtained by an etching with low
aspect ratio without the interconnection layer as the second
conductive layer being in contact with the gate electrode as
the first conductive layer at the peripheral circuit region. In
addition, since a sidewall msulation film 1s formed at the
inner sidewall defining the hole of the second insulation
layer, a contact hole smaller than the resolution of photoli-
thography technique can be formed to have a desired size in
a stabilized manner without the interconnection layer as the
second conductive layer being in contact or without being
clectrically short-circuited with the gate electrode as the first
conductive layer at the memory device region also.
Furthermore, it 1s possible to form a second conductive layer
with a satisfactory step coverage within the contact hole
along the mner sidewall of the contact hole.

Moreover, 1n a ssmiconductor device having a conductive
layer contact structure according to another aspect of the
present invention, the sidewall insulation film 1s removed in
the end within the contact hole, and thus it 1s possible to
obtain a structure having a lower contact hole as compared
to the case 1n which conductive layer contact structure is
formed with the sidewall insulation film remaining in the
end.

In addition, according to a preferred embodiment of the
conductive layer contact structure of the present invention,
a sidewall 1nsulation film 1s formed along the 1nner sidewall
defining the hole of the second insulation layer and the 1nner
sidewall defining the hole of the upper insulation layer of the
first insulation layer, and thus the contact hole 1s tapered
forward, 1in other words, would have 1its diameter of the
opening 1ncreased smoothly as 1t extends upwards from the
main surface of the semiconductor substrate. As a result, the
step coverage of the second conductive layer formed at the
inner sidewall of the contact hole would be satisfactory.

Also, even if the interval between the gate electrodes 1s
wide and the location of the second insulation hole does not
overlap the location of the gate electrode below, alignment
margin upon formation of the contact hole would be
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improved as compared to the conventional self align contact
opening method.

Thus, according to the present invention, a contact hole
with a diameter smaller than the resolution of photolithog-
raphy technique can be formed by an etching with a low
aspect ratio. Even when the upper second conductive layer
1s formed to be 1n contact with the conductive region of the
semiconductor substrate through that contact hole, 1t 1is
possible to provide a semiconductor device having a con-
ductive layer contact structure 1n which the second insula-
tion layer i1s not electrically short-circuited. Accordingly, a
conductive layer contact structure appropriate for a highly
integrated semiconductor device such as a bit line contact
structure of a DRAM and a storage node contact structure of
a capacitor can be provided.

The foregoing and other objects, features, aspects and
advantages of the present invention will become more
apparent from the following detailed description of the
present 1nvention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a partial cross sectional view showing a semi-
conductor device having a conductive layer contact structure
according to Embodiment 1 of the present invention.

FIGS. 2 to 6 are partial cross sectional views illustrating,
the process of manufacturing the semiconductor device
having the conductive layer contact structure shown i FIG.
1 1in the order of the steps performed.

FIG. 7 1s a partial cross sectional view showing a semi-
conductor device having a conductive layer contact structure
according to Embodiment 2 of the present invention.

FIGS. 8 to 13 are partial cross sectional views 1llustrating,
the process of manufacturing the semiconductor device
having the conductive layer contact structure shown i FIG.
7 1n the order of the steps performed.

FIG. 14 1s a partial cross sectional view showing a
semiconductor device having a conductive layer contact
structure according to Embodiment 3 of the present inven-
tion.

FIGS. 15 to 19 are partial cross sectional views 1llustrat-
ing the process of manufacturing the semiconductor device
having the conductive layer contact structure shown 1n FIG.
14 1n the order of the steps performed.

FIG. 20 1s a partial cross sectional view showing a
semiconductor device having a conductive layer contact
structure according to Embodiment 4 of the present inven-
tion.

FIGS. 21 to 25 are partial cross sectional views 1llustrat-
ing the process of manufacturing the semiconductor device
having the conductive layer contact structure shown i FIG.
20 1 the order of the steps performed.

FIG. 26 1s a partial cross sectional view showing a
conventional semiconductor device having a contact hole
formed by polycrystalline silicon mask opening method.

FIGS. 27A to 30A are partial cross sectional views at a
memory device region illustrating the process of manufac-
turing the conventional semiconductor device shown 1n FIG.
26 1n the order of the steps performed.

FIGS. 27B to 30B are partial cross sectional views at a
peripheral circuit region illustrating the process of manu-
facturing the conventional semiconductor device shown 1n
FIG. 26 1n the order of the steps performed.

FIG. 31 1s a partial cross sectional view for giving a
description of the problems encountered 1n the conventional
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semiconductor device having a contact hole formed by
polycrystalline silicon mask opening method.

FIG. 32 1s a partial cross sectional view showing a
conventional semiconductor device having a contact hole
formed by self align contact opening method.

FIGS. 33 to 36 are partial cross sectional views 1llustrat-
ing the process of manufacturing the conventional semicon-
ductor device shown 1n FIG. 32 1n the order of the steps
performed.

FIG. 37 1s a partial cross sectional view showing another
example of a conventional semiconductor device having a
contact hole formed by self align contact opening method.

FIG. 38 1s a partial cross sectional view showing the
another example of a conventional semiconductor device 1n

which an 1nterconnection layer 1s formed at the contact hole
shown 1n FIG. 37.

FIG. 39 1s a partial cross sectional view for giving a
description of the problems encountered in the conventional
semiconductor device having a contact hole formed by selt
align contact opening method.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS
| Embodiment 1]

Referring to FIG. 1, an element 1solating msulation film 2
of silicon oxide film 1s formed on the surface of a p type
silicon substrate 1. A gate msulation film 3 of silicon oxide
f1lm 1s formed on the surface of p type silicon substrate 1 and
on the surface of element 1solating 1nsulation film 2. A gate
clectrode 4 of polycrystalline silicon containing 1impurity 1s
formed on gate 1nsulation layer 3. On gate electrode 4, an
insulation film 5 of silicon oxide film 1s formed. A sidewall
spacer 7 1s formed at the side surface of gate insulation film
3, gate electrode 4 and msulation film 5. An n~ diffused layer
6 1s formed by LDD method, and contains n type impurity
of low concentration. An n™ diffused layer 8 is formed at the
surface of p type silicon substrate 1 so as to join n~ diffused
layer 6. A silicon oxide film 9 of TEOS oxide film or the like
1s formed on the surface of p type silicon substrate 1 as an
lower msulation layer of a first insulation layer to cover
insulation film 5 and sidewall spacer 7. A silicon nitride film
10 1s formed on silicon oxide film 9 as an upper insulation
layer of the first insulation layer. A silicon oxide film 11 of
TEOS oxide film or the like 1s formed on silicon nitride film
10 as a second 1nsulation layer.

Ahole 16 is formed to reach a portion of the surface of n™
diffused layer 8, being defined by the mnner sidewall of
silicon oxide film 9 and silicon nitride film 10. In addition,
a hole 13 1s formed, defined by the inner sidewall of silicon
oxide film 11, and having a larger diameter than hole 16.
Hole 13 1s in communication with hole 16. A sidewall spacer
14 of TEOS oxide film 1s formed at the inner sidewall of
silicon oxide film 11 defining hole 13. Through the contact
hole formed 1 this way, a polycrystalline silicon layer 17
and a tungsten silicide layer 18 are formed inside contact
hole 16 so as to be in contact with and 1n electrical
connection with the surface of n™ diffused layer 8. Note that
the diameter of hole 13 1s about 0.3 um and the diameter of
contact hole 16 1s about 0.2 um.

The conductive layer contact structure shown 1n FIG. 1
differs from the conventional structure by the self align
contact opening method shown in FIG. 32 i following
points. First of all, the size of the opening of silicon oxide
film 9 and silicon nitride film 10, that i1s, the diameter of
contact hole 16, 1s smaller than the size of the opening of
silicon oxide film 11 provided as the interlayer msulation
film, that 1s, the diameter of hole 13. In addition, sidewall

10

15

20

25

30

35

40

45

50

55

60

65

10

spacer 14 1s formed at the opening portion of silicon oxide
film 11, that 1s, at the inner sidewall of silicon oxide film 11
defining hole 13. Other portions of the structure are similar
to those of the conventional structure shown 1 FIG. 32.

Referring next to FIGS. 2 to 6, description 1s made for a
method of manufacturing the conductive layer contact struc-
ture shown 1 FIG. 1.

As shown 1n FIG. 2, element insulation film 2 of silicon
oxide film having a thickness of 2500 A is formed by
LOCOS at the surface of p type silicon substrate 1 having a
specific resistance of 10 €2cm. Then, after formation of
silicon oxide film having a thickness of 100 A by thermal
oxidation, a polycrystalline silicon layer of thickness of
1000 A containing impurity is deposited, and an additional
silicon oxide film having a thickness of 900 A is formed on
that polycrystalline silicon layer by CVD (Chemical Vapor
Deposition) method. Thereafter, a resist is formed on the
silicon oxide film of the upper layer, and by using the resist
patterned with photolithography technique as a mask to
perform etching, gate insulation film 3, gate electrode 4 and
insulation film 5 are formed.

Then, by performing an 1on implantation of arsenic with
an 1mplantation energy of 30 KeV, implantation amount of
1x10™* and implantation angle of 45°, n~ diffused region 6
1s formed at the surface of p type silicon substrate 1.
Thereafter, by depositing a silicon oxide film of TEOS oxide
film or the like on the entire surface and etching back this
silicon oxide film, a sidewall spacer 7 1s formed. By per-
forming an 10n 1mplantation of arsenic with an implantation
energy of 50 KeV, implantation amount of 4x10*>/cm* and
implantation angle of 0°, n™ diffused layer 8 is formed on the
surface of p type silicon substrate 1.

Thereafter, silicon oxide film 9 of TEOS oxide film or the
like 1s formed as the lower insulation layer of the first
insulation layer by being deposited with CVD method to a
thickness of 300 A. In addition, silicon nitride film 10 having,
a thickness of 800A is formed as the upper insulation layer
of the first mnsulation layer on silicon oxide film 9 by being
deposited by CVD method. Then, silicon oxide film 11 of
TEOS oxade film or the like 1s deposited to a thickness of
3000 to 5000 A as the second insulation layer. An anti-
reflection film 12 formed of silicon nitride film having a
thickness of 500 A is deposited on silicon oxide film 11. A
resist 1s formed on the surface of this anti-reflection film 12
and the resist which 1s patterned by photolithography tech-
nique 1s used as a mask to pattern anti-reflection film 12.
With use of an etching process of silicon dioxide which is of
a faster etching rate than silicon nitride film 10 as the upper
insulation layer, silicon oxide film 11 as the second 1nsula-
tion layer 1s dry etched by the method of RIE (Reactive Ion
Etching) so as to open hole 13. This etching process is
performed under a condition that the etching selectivity of
silicon oxide film 11 as the second insulation layer would be
higher with respect to silicon nitride film 10 as the upper
insulation layer of the first insulation layer.

The process adopted as the etching process as described
above may be a dry etching process employing, for example,
fluorocarbon group gas such as c-C,F,, C;F,, C;F., C.F,,,
C,F., C.F,, or CHF;, a mixed gas thercof, a mixed gas of
argon (Ar), carbon monoxide (CO), oxide (O) or the like and
the fluorocarbon group gas, or mixed gas of argon (Ar),
carbon monoxide (CO), oxide (O) or the like and the
above-described mixed gas of fluorocarbon group gases.
Preferably, etching process of silicon oxide film 1s per-
formed with mixed gas of CF,, CHF; or the like and Ar or
O,. In such an etching process, the etching selectivity
(silicon oxide film/silicon nitride film) is not lower than 5,
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and preferably m the range of 7 to 10. Here, the term etching
selectivity refers to the ratio between the etching rate of the
material to be etched ( silicon oxide film in this case) and the
etching rate of the material of the layer underneath (silicon
nitride film in this case).

Then, as shown 1 FIG. 3, a TEOS oxide {film having an
ctching selectivity sufficiently high with respect to silicon
nitride film 10 1s deposited on the entire surface. By etching
back the entire surface of this TEOS oxide film, sidewall
spacer 14 1s formed at the inner sidewall of silicon oxide film
11.

Then, as shown 1n FIG. 4, sidewall spacer 14 1s used as
a mask to dry etch silicon nitride film 10 by RIE method
employing, for example, carbon tetrafluoride (CF,) gas
thereby forming hole 15. At this time, anti-reflection film 12
which 1s the silicon nitride film 1s removed simultaneously.

Thereafter, as shown 1n FIG. 5, using silicon nitride film
10 as a mask, silicon oxide film 9 of TEOS oxide film or the
like 1s subjected to dry etching by RIE method to form
contact hole 16. In this case, silicon oxide film 11 and
sidewall spacer 14 are also slightly etched away.

The reason for forming silicon oxide film 9 as the lower
insulation layer of the first insulation layer under silicon
nitride film 10 as the upper insulation layer of the first
insulation layer 1s as follows. If silicon nitride film 10 1s
formed directly on silicon substrate 1, there 1s a possibility
of 1mposing damage to the surface of silicon substrate 1
which 1nduces defects m crystal when removing silicon
nitride film 10 by dry etching with carbon tetrafluoride gas.
When silicon oxide film 9 1s formed between silicon sub-
strate 1 and silicon nitride film 10, there would be no damage
to silicon substrate, upon dry etching silicon nitride film 10.

Finally, as shown 1m FIG. 6, polycrystalline silicon layer
17 having a thickness of 500 to 1000 A and tungsten silicide
layer having a thickness of 500 to 1000 A are formed as a
conductive layer on silicon oxide film 11 of TEOS or the like
and 1nside the contact hole 16. In this way, the conductive
layer 1s brought into contact and 1s electrically connected
with n* diffused layer via contact hole 16. Thus, the con-
ductive layer contact structure shown in FIG. 1 1s formed.

As described above, according to the semiconductor
device and manufacturing method thereof, since self align
contact opening method 1s employed as the basic method,
ctching 1s performed without involving a high etching ratio
such that the conductive layer would not be electrically
short-circuited with gate electrode at the peripheral circuit
region, and thus a structure with a low contact resistance can
be obtained. In addition, since sidewall spacer 14 1s formed
at the mner sidewall of the hole of silicon oxide film 11 of
TEOS or the like as the second insulation layer, a contact
hole having a smaller diameter than the resolution of pho-
tolithography technique can be formed in a stabilized man-
ner with desired dimension without conductive layer and the
cgate electrode being electrically short-circuited at memory
device region as well. A semiconductor device with a
structure having a satisfactory step coverage of the conduc-
five layer at contact hole 16 can be implemented.

In the above Embodiment 1, description has been made
for the case 1n which thickness of silicon oxide film 9 of
TEOS or the like formmg the lower 1nsulation layer of the
first msulation layer 1s 300A, but this silicon oxide film 9
may be of any thickness as long as it does not exceed 500
A. Although the case in which the thickness of silicon nitride
film 10 formmg the upper msulation layer of the first
insulation layer 1s 800A has been described, this thickness
may also be of any value 1n the range of 100 to 1000 A. In
addition, gate electrode 4 may be formed not only of
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polycrystalline silicon layer containing impurity but of sili-
cide film, metal film or stacked film including them.
Insulation film 5 may also be of silicon nitride film or
silicon oxynitride film instead of silicon oxide film, or of
stacked film including them. In addition, sidewall spacer 7
may be formed not only of silicon oxide film but of silicon
oxide film, silicon oxynitride film or stacked film mncluding
them. It may be noted that formation of sidewall spacer 7 1s
not indispensable. Although the example employing TEOS
oxide film as the second 1nsulation layer 11 has been shown,

another material BPTEOS (Boro Phospho Tetraethyl
Orthosilicate) may also form a silicon oxide film (hereinafter

referred to as “BPTEOS oxide film”) to be employed, or a
stacked film of TEOS oxide film and BPTEOS oxide film

may be employed to form the layer. Sidewall spacer 14 may
be formed of a polycrystalline silicon film instead of TEOS
oxide film. In addition, 1t may not be always necessary to
form 1nsulation film § and silicon oxide film 9 as the lower

insulation layer of the first insulation layer, and alternatively,
it may be formed of a stacked film including two layers or
more. An effect similar to what was described above 1s
achieved 1n this case also. As has been described above, if
the possibility of imposing damage to the surface of silicon
substrate 1 may be withdrawn from consideration, formation
of silicon oxide film 9 1s unnecessary.

In the case described in the above Embodiment 1, the
location of the hole of silicon oxide film 11 as the second
insulation layer and the location of gate electrode 4 under-
neath were overlapped, but even 1n the case 1n which the gate
clectrodes underneath are provided with a wide interval
therebetween and the location of the hole of silicon oxide
film 11 does not overlap the gate electrode underneath, an
cilect 1s obtained 1n which alignment margin upon forming
the contact hole 1s improved 1n accordance with the present
invention as compared to the conventional self align contact
opening method.
| Embodiment 2]

Sidewall spacer 14 was left mnside contact hole 16 1n the
above Embodiment 1, but in this Embodiment 2 a sidewall
spacer 14 1s not left inside contact hole 19, as can be seen
with reference to FIG. 7. The other portions of the structure
are similar to those of the structure of Embodiment 1 shown
in FIG. 1.

Referring next to FIGS. 8 to 13, a method of manufac-
turing the semiconductor device shown 1n FIG. 7 will be

described.

Referring first to FIG. 8, a hole 13 1s formed by a
manufacturing process similar to that of above-described
Embodiment 1.

Thereafter, as shown 1n FIG. 9, a BPTEOS oxide {ilm
having a sufficiently high etching selectivity with respect to
silicon nitride film 10 as an upper insulation layer of the first
insulation layer and having a high etching selectivity, that is,
a different etching rate, with respect to silicon oxide film 11
of TEOS or the like as the second insulation layer 1is
deposited on the entire surface. By etching back the entire
surface of this BPTEOS oxide film, sidewall spacer 14 is
formed at the mnner sidewall of silicon oxide film 11.

Then, as shown 1n FIG. 10, using sidewall spacer 14 as a
mask, silicon nitride film 10 1s dry etched by RIE method
employing, for example, carbon tetrafluoride (CF,) gas so as
to form a hole 15. At this time, an anti-reflection film 12
which 1s a silicon nitride film 1s also removed simulta-
neously.

Then, as shown in FIG. 11, only the sidewall spacer 14
formed of BPTEOS oxide film 1s etched away under a vapor
hydrofluoric acid atmosphere to have a large etching selec-
tivity with respect to silicon oxide film 11.
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Thereafter, as shown 1n 12, silicon nitride film 10 1s used
as a mask to dry etch silicon oxide film 9 of TEOS or the like
by RIE method so as to form a contact hole 19. At this time,
silicon oxide film 11 1s also slightly etched away.

Here, the reason for forming silicon oxide film 9 as the
lower insulation layer of the first insulation layer under
silicon nitride {ilm 10 as the upper insulation layer of the first
insulation layer 1s similar to the reason 1n the description of
Embodiment 1.

Finally, as shown in FIG. 13, polycrystalline silicon layer
17 and tungsten silicide layer 18 are formed as conductive
layers on silicon oxide film 11 of TEOS or the like and 1nside
contact hole 19. In this way, the conductive layer 1s brought
into contact and 1s electrically connected with n™ diffused
region 9. Thus, the semiconductor device as shown 1n FIG.
7 1s formed.

As has been described above, according to the conductive
layer contact structure of this Embodiment 2 and the method
of manufacturing the same, since self align contact opening
method 1s employed as the basic method, etching 1s per-
formed without involving a high etching ratio such that the
conductive layer would not be electrically short-circuited
with gate electrode at the peripheral circuit region, and thus
a conductive layer contact structure with a low contact
resistance can be obtained. Particularly, since sidewall
spacer 14 1s removed 1n the end at contact hole 19 of
Embodiment 2, a conductive layer contact structure having
a lower contact resistance than the structure employing
contact hole 16 of Embodiment 1. In addition, since silicon
nitride film 10 1s removed after formation of sidewall spacer
14 at the mner sidewall defining the hole of silicon oxide
film 11, a contact hole having a smaller diameter than the
resolution of photolithography technique can be formed in a
stabilized manner with desired dimension. In addition, a
structure 1n which conductive layer would not be electrically
short-circuited with gate electrode 4 also at the memory
device region can be obtained. Moreover, a structure having
a satisfactory step coverage of the conductive layer at
contact hole 19 can be implemented.

In the above Embodiment 2, description has been made
for the case 1 which thickness of silicon oxide film 9 of
TEOS or the like forming the lower insulation layer of the
first 1nsulation layer 1s 300 A , but this silicon oxide film 9
may be of any thickness as long as 1t does not exceed 500
A. Although the case 1n which the thickness of silicon oxide
film 10 forming the upper insulation layer of the first
insulation layer 1s 800 A has been described, this thickness
may also be of any value 1n the range of 100 to 1000 A. In
addition, gate electrode 4 may be formed not only of
polycrystalline silicon layer containing impurity but of sili-
cide film, metal film or a stacked film including them.

Insulation film § may also be of silicon nitride film or
silicon oxynitride film instead of silicon oxide film, or of
stacked film including them. In addition, sidewall spacer 7
may be formed not only of silicon oxide film but of silicon
nitride film, silicon oxynitride film or a stacked film 1nclud-
ing them. It may be noted that formation of sidewall spacer
7 1s not 1indispensable. Moreover, second 1nsulation layer 11
may be formed of BPTEOS oxide film instead of TEOS
oxide film or of a stacked film including TEOS oxide film
and BPTEOS oxide film. Sidewall spacer 14 may be formed
of a polycrystalline silicon film instead of BPTEOS oxade
film. In addition, 1t may not be always necessary to form
insulation film 5 and silicon oxide film 9 as the lower
insulation layer of the first insulation layer, and alternatively,
it may be formed of a stacked film including two layers or
more. An effect similar to that of the above-described
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Embodiment 2 1s achieved 1n this case also. As has been
described above, if the possibility of imposing damage to the
surface of silicon substrate 1 may be withdrawn from
consideration, formation of silicon oxide film 9 i1s not
indispensable.

In the case described in the above Embodiment 2, the
location of the hole of silicon oxide film 11 and the location
of the gate electrode 4 below were overlapped, but even 1n

the case 1n which the gate electrodes below are provided
with a wide interval therebetween and the location of the

hole of silicon oxide film 11 does not overlap the location of
cgate electrode 4 below, an effect 1s obtained 1 which
alignment margin upon forming the contact hole 1s improved
in accordance with the present invention as compared to the
conventional self align contact opening method.
| Embodiment 3]

The sidewall spacer was formed at the inner sidewall
defining the hole of silicon oxide film 11 of TEOS or the like

in Embodiment 1, but in Embodiment 3, the size of the hole
of silicon nitride film 10 as an upper insulation layer of the
first insulation layer i1s substantially the same as the size of
the hole of silicon oxide film 11 as the second insulation
layer, and sidewall spacer 14 1s formed along the inner
sidewall defining the hole of silicon oxide film 11 and the
inner sidewall defining the hole of silicon nitride film 10, as
shown 1n FIG. 14. In addition, silicon nitride film 10 1s not
exposed at the inner sidewall of sidewall spacer 14 and the
inner sidewall of silicon nitride film 10 1s covered with
sidewall spacer 14. Other portions of the structure 1s similar
to those of Embodiment 1 shown 1n FIG. 1.

Referring next to FIGS. 15 to 19, a manufacturing method
of the semiconductor device shown i1n FIG. 14 will be
described.

Referring first to FIG. 15, a hole 13 1s formed through a
process similar to that of Embodiment 1.

Then, as shown 1n FIG. 16, a silicon nitride film 10 as an
upper msulation layer of a first insulation layer 1s subjected
to dry etching by an RIE method using a resist mask (not
shown) employed for formation of hole 13 and with an
alternative etching gas such as, for example, carbon tet-
rafluoride (CF,) gas, so as to form a hole 20. When etching
silicon nitride film 10 with CF, gas, the etching selectivity
(silicon nitride film/silicon oxide film) is not lower than 1
and not higher than 3. In this case, the etching selectivity 1s
expressed as the ratio between the etching rate of silicon
nitride film 10 as the material to be etched and the etching
rate of silicon oxide film 9 as the material of the layer
underneath. Then, after removal of the resist, anti-reflection
f1lm 12 which 1s the silicon nitride film 1s removed.

Thereafter, as shown 1 FIG. 17, TEOS oxide film 1s
deposited entirely on the surface to a thickness of 1500 A,
and by etching back the entire surface of this TEOS oxide
f1lm, a sidewall spacer 14 1s formed along the inner sidewall
defining the hole of silicon oxide film 11 and the inner
sidewall defining the hole of silicon nitride film 10. At this
time, sidewall spacer 14 1s formed from an insulation film,
and accordingly, even when gate electrode 4 1s exposed 1n
the previous steps, this exposed portion would be covered
with sidewall spacer 14 such that the conductive layer
formed within the contact hole 1n the following steps would
not be 1n contact with gate electrode 4 to be electrically
short-circuited.

Then, as shown 1n FIG. 18, silicon oxide film 9 of TEOS
or the like 1s dry etched with the etching controlled to expose
the surface of silicon substrate 1 by RIE method so as to
form a contact hole 21.

Finally, as shown 1n FIG. 19, a polycrystalline silicon
layer 17 and a tungsten silicide layer 18 are formed as
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conductive layers on silicon oxide film 11 of TEOS or the
like and within contact hole 21. Thus, the conductive layer
will be electrically connected to n™ diffused layer 8 via
contact hole 21, and the conductive layer contact structure as
shown 1n FIG. 14 1s formed.

As described above, according to the conductive layer
contact structure of Embodiment 3 and manufacturing
method thereof, the self align contact opening method is
employed as the basic method so that the conductive layer
would not be short-circuited with gate electrode in the
peripheral circuit region, such that a structure having a low
contact resistance can be obtained due to an etching with an
aspect ratio not so high. In Embodiment 1, silicon nitride
film 10 as the upper 1nsulation layer of the first insulation
layer 1s used as a mask to dry etch silicon oxide film 9 of
TEOS oxide film or the like as the lower 1nsulation layer of
the first insulation layer by RIE method as shown 1n FIG. §,
so as to from contact hole 16. At this time, sidewall spacer
14 may also be more or less subjected to etchmg such that
there would be difference 1n level at the border of sidewall
spacer 14 and silicon nitride film 10. On the conftrary, in
Embodiment 3, sidewall spacer 14 1s formed along the 1nner
sidewall defining the hole of silicon oxide film 11 of TEOS
or the like as the second insulation layer and the inner
sidewall defining the hole of silicon nitride film 10 as the
upper 1nsulation layer of the first msulation layer so that
silicon nitride film 10 would not be exposed to the inner
sidewall of sidewall spacer 14. Accordingly, contact hole 21
would be tapered forward, in other words, would have its
diameter smoothly 1increased as it extends upwards from the
surface of silicon substrate 1, and the step coverage of the
conductive layer would be better than 1n contact hole 16 of
Embodiment 1. In addition, a contact hole having a diameter
smaller than the resolution of photolithography technique
can be formed to have a desired size 1n a stabilized manner.
Short-circuit between the conductive layer and the gate
clectrode will not occur at the memory device region also,
and a small contact hole can be formed.

In addition, in the above-described Embodiment 3, the
case 1n which the thickness of silicon oxide film 9 of TEOS
or the like as the lower insulation layer of the first msulation
layer 1s 300 A, but this thickness may be ot any value as long
as 1t falls 1n the range of 50 to 500 A. Although the thickness
of silicon nitride film 10 as the upper msulation layer of the
first insulation layer 1s 800 A in the above descrlptlon this
film thickness may be of any value as long as it 1s 1n the
range of 100 to 1000 A. Moreover, the gate electrode may
be formed not only of polycrystalline silicon layer contain-
ing 1mpurity but of a silicide film, a metal film or a stacked
f1lm including these films.

Insulation film § may also be of silicon nitride film or
silicon oxynitride film instead of silicon oxide film, or of
stacked film including them. In addition, sidewall spacer 7
may be formed not only of silicon oxide film but of silicon
nitride film, silicon oxynitride film or stacked film including
them. Formation of sidewall spacer 1s not indispensable. In
addition, the second insulation layer 11 may be formed of
BPTEOS oxide film instead of TEOS oxide film, or of a
stacked film including TEOS and BPTEOS oxide films.
Sidewall spacer 14 may be formed of polycrystalline silicon
film 1nstead of TEOS oxide film. Note that formation of
insulation film 5 1s not always necessary, and that 1t may be
formed of a stacked film including two layers or more. An
cifect similar to that of the above-described Embodiment 3
can be obtained 1 this case also.

In the case described in the above Embodiment 3, the
location of the hole of silicon oxide film 11 and the location

10

15

20

25

30

35

40

45

50

55

60

65

16

of the gate electrode 4 below were overlapped, but even 1n
the case 1n which the gate electrodes below are provided
with a wide interval therebetween and the location of the
hole of silicon oxide film 11 does not overlap the location of
cgate electrode 4 below, an effect 1s obtained 1 which
alignment margin upon forming the contact hole 1s improved
in accordance with the present invention as compared to the

conventional self align contact opening method.
| Embodiment 4]

As can be seen from FIG. 20, the difference between the
contact structure of Embodiment 3 in FIG. 14 and the
structure of the present embodiment 1s that the hole of
silicon nitride film 10 as an upper msulation layer of the first
insulation layer 1s formed larger than the hole of silicon
oxide film 11 of TEOS or the like as the second insulation
layer. Other portions of the structure are similar to those of
the Embodiment 3 shown in FIG. 14.

Referring next to FIGS. 21 to 25, a method of manufac-
turing the semiconductor device shown 1n FIG. 20 will be
described.

Referring first to FIG. 21, a contact hole 13 1s formed
through a process similar to that of Embodiment 1.

Then, as shown 1n FIG. 22, a hole 22 1s opened by etching,
silicon nitride film 10 by wet etching employing heated
phosphoric acid after removing the resist. At this time,
anti-reflection film 12 which is the silicon nitride film 1s also
removed. With wet etching performed i1n this way, there
would be no plasma damage upon the dry etching. In
addition, there 1s an advantage that silicon nitride film 10 1s
ctched away such that 1t will have a high etching selectivity
with respect to silicon oxide film 11 as the second 1nsulation
layer and silicon oxide layer 9 as the lower insulation layer
of the first insulation layer. The etching selectivity (silicon
nitride film/silicon oxide film) when silicon nitride film is
wet etched with heated phosphoric acid 1s 4 or higher. Here,
the etching selectivity 1s expressed as the ratio between the
ctching rate of silicon nitride film as the material to be
ctched and the etching rate of the silicon oxide film as the
material of the layer underneath.

Then, as shown 1n FIG. 23, a TEOS oxide film 1s
deposited on the entire surface to a thickness of 1500 A. By
ctching back the entire surface of this TEOS oxade film, a
sidewall spacer 14 1s formed along the inner sidewall
defining the hole of silicon oxide film 11 of TEOS or the like
and inner sidewall defining the hole of silicon nitride film
10. At this time, sidewall spacer 14 1s formed from 1nsulation
f1lm, and accordingly, even when gate electrode 4 1s exposed
during the previous steps, the exposed portion 1s covered
with this sidewall spacer 14 such that the conductive layer
formed within the contact hole 1n the following steps would
not be electrically short-circuited with gate electrode 4.

Then, as shown 1n FIG. 24, silicon oxide film 9 of TEOS
or the like 1s removed by wet etching using diluted hydrof-
luoric acid and a contact hole 23 1s formed. Then, the
possibility of damage on the surface of silicon substrate 1 1s
reduced. If the possibility of imposing damage to the surface
of silicon substrate 1 may be withdrawn from consideration,
silicon oxide film 9 may be removed by dry etching.

Finally, as shown 1n FIG. 25, polycrystalline silicon layer
17 and tungsten silicide layer 18 are formed as conductive
layers on silicon oxide film 11 of TEOS or the like and
within contact hole 23. Thus, by connecting the conductive
layer to n™ diffused layer 8 electrically via contact hole 23,
the conductive layer contact structure shown 1n FIG. 20 1s
formed.

As has been described above, according to the conductive
layer contact structure of Embodiment 4 and the method of
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manufacturing the same, since self align contact opening
method 1s employed as the basic method, etching is per-
formed without involving a high etching ratio such that the
conductive layer would not be electrically short-circuited
with gate electrode at the peripheral circuit region, and thus
a structure with a low contact resistance can be obtained. In
addition, since silicon nitride film 10 as the upper insulation
layer of the first insulation layer 1s removed by wet etching,
an etching process 1n which plasma damage owing to dry
cetching will not occur, and moreover, which has a high
ctching selectivity with respect to silicon oxide film 11 as the
second 1nsulation layer and silicon oxide film 9 as the lower
insulation layer of the first insulation layer can be adopted.

Furthermore, 1n Embodiment 1, silicon nitride film 10 as
the upper msulation layer of the first insulation layer 1s used
as a mask to dry etch silicon oxide film 9 of TEOS or the like
as the lower 1nsulation layer of the first insulation layer by
RIE method to form contact hole 16, as shown 1n FIG. 5. At
this time sidewall spacer 14 1s also more or less subjected to
ctching such that there would be difference in level at the
border portion between sidewall spacer 14 and silicon
nitride {ilm 10. On the contrary, in Embodiment 4, sidewall
spacer 14 1s formed along the inner sidewall defining the
hole of silicon oxide film 11 and inner sidewall defining the
hole of silicon nitride film 10 so that silicon nitride film 10
would not be exposed to the inner sidewall of sidewall
spacer 14. Accordingly, contact hole 23 would be tapered
forward, 1n other words, would have its diameter smoothly
increased as 1t extends upwards from the surface of silicon
substrate 1. As a result, the step coverage of the conductive
layer formed along contact hole 23 i1s made better as
compared to contact hole 16 of Embodiment 1. In addition,
a contact hole smaller than the resolution of photolithogra-
phy technique can be formed to be of a desired size in a
stabilized manner. The small contact hole 1s formed so that
the conductive layer will not be short-circuited with gate
clectrode 4 at the memory device region also.

In the above-described Embodiment 4, the case in which
the thickness of silicon oxide film 9 of TEOS or the like as
the lower layer of the first insulation layer 1s 300 A, but this
thickness may be of any value as long as 1t falls 1n the range
of 50 to 500 A. Although the thickness of silicon nitride film
10 as the upper insulation layer ot the first insulation layer
is 800 A in the above descrlptlon this film thickness may be
of any value as long as 1t 1s 1 the range of 100 to 1000 A.
Moreover, the gate electrode 4 may be formed not only of
polycrystalline silicon layer containing impurity but also of
a silicide film, a metal film or a stacked film including these
f1lms.

Insulation film § may also be of silicon nitride film or
silicon oxynitride film instead of silicon oxide film, or of
stacked film including them. In addition, sidewall spacer 7
may be formed not only of silicon oxide film but of silicon
nitride film, silicon oxynitride film or stacked film including
them. Formation of sidewall spacer 1s not indispensable. In
addition, the second insulation layer 11 my be formed of

BPTEOS oxide film instead of TEOS oxide film, or of a
stacked film including TEOS and BPTEOS oxide films.
Sidewall spacer 14 may be formed of polycrystalline silicon
film 1nstead of TEOS oxide film. Note that formation of
insulation film 5 1s not always necessary, and that 1t may be

formed of a stacked film including two layers or more. An
effect similar to that of the above-described Embodiment 4
can be obtained in this case also.

In the case described in the above Embodiment 4, the
location of the hole of silicon oxide film 11 as the second
insulation layer and the location of the gate electrode 4
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below were overlapped, but even 1n the case in which the
cgate electrodes below are provided with a wide interval
therebetween and the location of the hole of silicon oxide
film 11 does not overlap the location of the gate electrode 4
below, an effect 1s obtained in which alignment margin upon
forming the contact hole 1s improved in accordance with the
present 1nvention as compared to the conventional self align
contact opening method.

Although the present invention has been described and
illustrated 1n detail, 1t 1s clearly understood that the same 1is
by way of illustration and example only and 1s to be taken
by way of limitation, the spirit and scope of the present
invention being limited only by the terms of the appended
claims.

What 1s claimed 1s:

1. A semiconductor device having a conductive contact
layer structure, comprising:

first conductive layers formed on a main surface of a
semiconductor substrate with an insulating film ther-
cbetween;

a conductive region formed under and between said first
conductive layer extending into the semiconductor sub-
strate from, and having a junction surface intersecting,
the main surface of said semiconductor substrate;

a first msulation layer formed over an upper surface of
said first conductive layer, having two side surfaces,
one of said side surfaces reaching a surface of said first
conductive region and the other of said side surfaces
not reaching said surface of said conductive region;

a second 1nsulation layer having side surfaces formed on
said first insulation layer with a high etching selectivity
with respect to said first insulation layer;

a first hole defined by the one of said side surfaces of said
first insulation layer that reaches said surface of said
conductive region;

a second hole defined by the side surfaces of said second
insulation layer in communication with said first hole;

a sidewall 1nsulation film formed at an 1nner sidewall of
said second insulation layer defining said second hole,
wherein said sidewall 1insulation film does not extend
on said side surface of said first insulation layer that
defines said first hole; and

a second conductive layer formed inside said first and
second holes so as to be electrically connected to said
conductive region and to be electrically insulated from
said first conductive layer, wherein the side surfaces of
the first insulation layer defining the first hole are not
aligned with the junction surface of the conductive
region and the semiconductor substrate.

2. The semiconductor device having a conductive layer
contact structure according to claim 1, wherein said sidewall
insulation film has a high etching selectivity with respect to
said first insulation layer.

3. The semiconductor device having a conductive layer
contact structure according to claam 1, wherein said first
insulation layer includes upper and lower 1nsulation layers,
and said second insulation layer has a high etching selec-
tivity with respect to the upper insulation layer of said first
insulation layer.

4. The semiconductor device having a conductive layer
contact structure according to claim 3, wherein said sidewall
insulation film has a high etching selectivity with respect to
the upper insulation layer of said first insulation layer.

5. The semiconductor device having a conductive layer
contact structure according to claim 3, wherein said first hole
1s defined by the mner sidewall of the lower insulation layer
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of said first insulation layer while said second hole 1s defined
by the 1nner sidewall of the upper insulation layer of said
first nsulation layer and the inner sidewall of said second
insulation layer, said sidewall 1nsulation film being formed
at the 1nner sidewall of the upper mnsulation layer of said first
insulation layer and the inner sidewall of said second
insulation layer.

6. The semiconductor device having a conductive layer
contact structure according to claim 5, wherein said second
hole includes a third hole defined by the inner sidewall of the
upper 1nsulation layer of said first insulation layer and a
fourth hole smaller than said third hole defined by the 1nner
sidewall of said second msulation layer.

7. A semiconductor device having a conductive layer
contact structure, comprising;:

first conductive layers formed on a main surface of a
semiconductor substrate with an insulating film ther-
ebetween;

a conductive region formed under and between said first
conductive layer extending into the semiconductor sub-
strate from, and having a junction surface intersecting,
the main surface of said semiconductor substrate;

a first msulation layer formed over an upper surface of
said first conductive layer, having two side surfaces,
one of said side surfaces reaching a surface of said
conductive region and the other of said side surfaces
not reaching said surface of said conductive region;

a second 1nsulation layer, having side surfaces, formed on
said first insulation layer with a high etching selectivity
with respect to said first insulation layer;

a first hole defined by the one of said side surfaces of said
first insulation layer that reaches said surface of said
conductive region;

a second hole defined by the side surfaces of said second
insulation layer larger than said first hole and being 1n
communication with said first hole; and
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a second conductive layer formed inside said first and
second holes so as to be electrically connected to said
conductive region and to be electrically insulated from
said first conductive layer, wherein the one of said side
surfaces of the first insulation layer defining the first
hole 1s not aligned with the junction surface of the
conductive region and the semiconductor substrate.

8. The semiconductor device having a conductive layer
contact structure according to claim 7, wherein said first
insulation layer includes upper and lower 1nsulation layers,
and said second insulation layer has a high etching selec-
tivity with respect to the upper insulation layer of said first
insulation layer.

9. The semiconductor device having a conductive layer
contact structure according to claim 7, further including a
sidewall msulation film formed at an mner sidewall of said
second 1nsulation layer defining said second hole.

10. The semiconductor device having a conductive layer
contact structure according to claim 9, wherein said sidewall
insulation film has a high etching selectivity with respect to
said first insulation layer.

11. The semiconductor device having a conductive layer
contact structure according to claim 8, further including a
sidewall msulation film formed at an mner sidewall of said
second 1nsulation layer defining said second hole.

12. The semiconductor device having a conductive layer
contact structure according to claim 11, wherein said side-
wall insulation film has a high etching selectivity with
respect to the upper msulation layer of said first mnsulation
layer.

13. The semiconductor device having a conductive layer
contact structure according to claim 7, wherein said second
hole exists at a location overlapping a portion of said first
conductive layer.
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